Introduction {#S0001}
============

Cardiovascular diseases are the primary cause of mortality in the world and according to WHO statistics, about 17.9 million people die of cardiovascular diseases annually, which accounts for 31% of all global deaths.[@CIT0001] Myocardial infarction, being the main contributor to the cardiovascular diseases superfamily, is a term used when there is evidence of myocardial necrosis in a clinical setting consistent with acute myocardial ischemia.[@CIT0002]

According to previous studies, ST segment elevation resolution (STE-R) in electrocardiogram is an important prognostic factor of successful fibrinolysis or angioplasty in the treatment of ST elevation myocardial infarction (STEMI).[@CIT0003]--[@CIT0005] Due to the importance of STE-R in determining in-hospital and long-term prognosis of patients with myocardial infarction after thrombolysis or angioplasty,[@CIT0006],[@CIT0007] finding predictive factors for STE-R can be extremely valuable.

Incidence and amount of resolution of ST segment depression (STD-R) and its effect on mortality has also been studied and in some cases, it has been associated with superior prognostic value to STE-R in prediction of mortality.[@CIT0006],[@CIT0008]-[@CIT0010]

Regarding the fact that pathophysiologic mechanisms for incidence of ST elevation and ST depression are somewhat different,[@CIT0011]--[@CIT0014] it is hypothesized that predictive factors for STE-R would also be different from STD-R predictive factors, and so determining these factors especially for STD-R would create the opportunity to identify high-risk patients before primary percutaneous cardiac interventions (PPCI).

Due to the prognostic importance of STD-R and as thus far no study has been conducted to determine the predictive factors for it, we decided to conduct the present study to assess the clinical importance and predictive factors for amount of ST depression resolution in ST elevation MI patients undergoing primary PCI.

Materials and Methods {#S0002}
=====================

Demographic and hospital data of all patients who were admitted with the diagnosis of ST elevation myocardial infarction to the emergency department (ED) of Shahid Madani specialty heart center in Tabriz, Iran, and underwent primary percutaneous cardiac intervention, were retrospectively collected from July 2018 to July 2019. This study was registered and approved by the national ethics committee of Tabriz University of Medical Sciences (IR.TBZMED.REC.1395.1218) and the study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. All included patients provided written informed consent to review their medical records on admission to the hospital.

Exclusion criteria were: left bundle branch block (LBBB), pacemaker rhythm, receiving thrombolysis therapy before or during admission to emergency department and absence of ST elevation in the on-admission ECG.

Diagnostic criteria for ST elevation myocardial infarction were taken into account such as: chest pain lasting more than thirty minutes plus one of the following; ST segment elevation in J point in at least 2 associated leads greater than or equal to 0.2 mVs in V1, V2, V3 or greater than or equal to 0.1 mVs in other leads.

Standard electrocardiograms (25 mm per second recording speed and 1 mV per centimeter voltage) were recorded for all patients on admission and 90 minutes after primary PCI. The exact amount of elevation and depression of ST segment in both ECGs was measured with the help of computer magnification with an accuracy of 0.5 millimeters. Demographic data and clinical presentation on admission to ED and the time from chest pain initiation to ED and Cath Lab were recorded from patients' clinical documents. Also, laboratory data and angioplasty records were gathered. All patients were followed up via telephone 6 to 17 months after discharge and their health status assessed, and if deceased, exact death time was recorded.

Statistical Methods {#S0002-S2001}
-------------------

All data were analyzed using IBM SPSS Statistics Version 26. Normality of data distribution for quantitative data was assessed with Kolmogorov--Smirnov test. Simple frequency tests were used to determine frequency, mean and standard deviation. Multivariate analysis was used to test for significant correlation between independent and dependent variables and also, univariate analysis was conducted to check for correlation between independent variables with each of the dependent variables. For binary categorical data, chi squared test was used and for quantitative data, significance of difference between means in two groups (STD-R or STE-R greater or equal to 50%) was assessed with *t*-test for normally distributed independent variables and p\<0.05 was considered as the significance cut-off. In-hospital acute heart failure, in-hospital death, major adverse cardiac events (MACE) and death during follow-up were this study's outcomes with MACE being defined as occurrence of heart failure or death, and association of amount of STD-R and STE-R with these outcomes was assessed using Chi squared test with a significance level of p\<0.05 after considering a cut off of 50% for amount of resolution.

All included patients in the study were distributed in two groups depending on resolution of sum of depressions on admission ECG; 1- STD-R \<50%, and 2- STD-R ≥50%. Amount of resolution of sum of ST elevations and depressions was calculated using the following formulas: $$\documentclass[12pt]{minimal}
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Similar formulas were used to measure STD-R and STE-R in a single lead with maximum depression or elevation in the first ECG.

Receiver operating curves (ROC curves) were plotted and their area under the curve (AUC) was calculated for primary outcomes (in-hospital death and MACE) in association to sum and single lead STD-R/STE-R. Also using ROC curves, we determined cut off points for resolution that concurrently had the highest specificity and sensitivity for prediction of the primary outcomes.

By using Kaplan--Meier curves, survival was compared between groups of STD-R/STE-R more or less than 50%. Significance of survival difference between groups was determined using log rank test with p value significance of less than 0.05.

Results {#S0003}
=======

Among 237 patients with anterior STEMI who were admitted from July 2018 to July 2019 in Tabriz Shahid Madani specialty heart center and underwent primary PCI, after examining their clinical documents, we noticed that 15 cases had actually undergone rescue PCI and had received fibrinolysis in a previous first line center and so were excluded from the study. Finally, 222 patients (173 males and 49 females) constituted our study population. From these, 179 patients (80.6%) had concurrent ST segment depression in another lead besides ST elevation.

For the purpose of a clear understanding of the differences associated with demographic, electrocardiographic, angiographic, laboratory data, and in-hospital complications of participants, they were categorized into two groups; 1- STD-R \<50% and 2- STD-R ≥50% ([Table 1](#T0001){ref-type="table"}).Table 1Clinical, Electrocardiographic, and Laboratory Data in Patients Grouped as STD-R ≥50% and STD-R \<50%. The p values are Related to Independent Sample's *t*-Test for Continuous Variables and Chi Squared for Categorical VariablesSTD-R \<50% (n=52)STD-R ≥50% (n=127)P valueAge57.9±12.5357.06±13.790.7Male33 (63.46%)105 (82.68%)0.016Pain to admission (minute)564±1162593±15520.91Time from admission to PPCI (minute)105±91104±1270.94Pain to balloon669±1216685±15690.95Diabetes mellitus19 (36.5%)27 (21.3%)0.038Hypertension30 (57.7%)58 (45.7%)0.19Hyperlipidemia7 (13.5%)21 (16.5%)0.27Previous MI4 (7.7%)7 (5.5%)0.55Positive familial history6 (11.5%)19 (15%)0.38Smoking11 (21.2%)70 (55.1%)0.0001EF33.86±7.5134.83±6.740.39Mitral Regurgitation more than moderate10 (19.2%)26 (20.5%)0.26Max ST-E in a single lead in presenting ECG (mV)4.04±1.954.85±3.040.07∑ST-E in presenting ECG (mV)12.48±7.3715.30±10.260.07Max ST-D in a single lead in presenting ECG (mV)1.11±0.621.44±0.910.015∑ST-D in presenting ECG (mV)2.60±1.903.52±2.580.021∑ST-E Resolution (percent)29.15±62.7644.89±59.060.11ST-E Resolution in lead with max ST-E in presenting ECG (percent)54.79±27.9662.23±27.090.10∑ST-D Resolution (percent)−37.25±131.7686.13±18.220.0001ST-D Resolution in lead with max ST-D in presenting ECG (percent)37.24±36.3989.05±17.750.00013VD/2VD/1VD13/15/2418/38/710.15CTNI10.66±11.9411.53±10.160.62CK-MB182±192197±3410.76WBC11,162±393412,024±39700.18Hb14.58±2.0515.40±1.970.013PLT263,510±78,698233,680±67,1180.013PLT/Lymph186.84±248.89136.90±63.010.051Triglyceride105.91±53.97118.61±71.700.28LDL108.78±40.33107.96±33.330.89HDL38.93±9.7136.51±9.260.15VT2 (3.8%)9 (7.1%)0.65VF6 (11.5%)6 (4.7%)0.23Mechanical ventilation4 (7.7%)7 (5.5%)0.51Acute heart failure18 (34.6%)27 (21.3%)0.025In-hospital mortality5 (9.6%)4 (3.1%)0.19[^1]

Fifty-two patients had STD-R \<50% (24 with STE-R \<50%, 28 with STE-R ≥50%) and 127 had STD-R ≥50% (56 with STE-R \<50%, 71 with STE-R ≥50%). Thirty-three (63.5%) patients with STD-R \<50% were male whereas 154 (82.7%) patients with STD-R ≥50% were male (p value =0.016). Moreover, in the group with STD-R \<50%, 36.5% had diabetes mellitus and 21.2% were smokers whereas in the group with STD-R ≥50% only 21.3% were diabetic (p value=0.038) but 55.1% were smokers (p value=0.0001).

In laboratory data, platelet to lymphocyte ratio in STD-R \<50% was 186.84±248.89 vs. 136.90±63.01 in STD-R ≥50% (p value=0.051). Also, hemoglobin level was 14.58±2.05 (STD-R \<50%) vs. 15.40±1.97 (STD-R ≥50%) with a p value of 0.013

In [Table 2](#T0002){ref-type="table"}, factors associated with ST elevation resolution are shown from which we can refer to previous MI history, ventricular fibrillation on admission and high levels of triglyceride, cholesterol, and LDL.Table 2Comparison of Patients Grouped as Having STE-R ≥50%, or STE-R \<50% for Clinically Important VariablesSTE-R \<50%STE-R ≥50%*χ*2tP valueDiabetes22 (23.7%)38 (30.2%)3.390.183Smoking42 (45.2%)53 (42.1%)2.480.289Previous MI history11 (11.8%)5 (4%)9.340.053Triglyceride130±78105±542.520.013Total cholesterol178±36163±432.450.015LDL113±34102±362.170.031[^2]

To determine the predictive factors of resolution of ST depression and elevation, multivariate and univariate logistic regression analyses were used, the results of which are shown in [Table 3](#T0003){ref-type="table"}. In univariate analysis, factors like being a smoker (OR: 0.218 P\<0.001), being non-diabetic (OR: 2.132 P value: 0.036), having higher levels of hemoglobin (OR: 1.225, P value: 0.016), and lower numbers of platelet count (OR: 0.994, P value: 0.016) were predictive of ≥50% resolution of ST depression.Table 3Results of Univariate and Multivariate Regression Analyses to Determine Predictive Factors for Sum of ST Depression/Elevation Resolution of More Than 50%B(SE)OR95% CIP value**Sigma ST Depression ResolutionSex**−1.011 (0.371)0.3640.176--0.7540.006**Diabetes**0.757 (0.361)2.1321.052--4.3230.036**Hb**0.203 (0.084)1.2251.039--1.4440.016**Smoking** *(univariate analysis)*−1.521 (0.384)0.2180.103--0.463\<0.001 *(multivariate analysis)****−1.442 (0.447)^\*^**0.236**0.098--0.567**0.001*PLT\*10^3^** *(univariate analysis)*−0.006 (0.002)0.9940.990--0.9990.016 *(multivariate analysis)****−0.005 (0.003)**0.995**0.990--0.999**0.050*Sigma ST Elevation ResolutionPrevious MI History** *(univariate analysis)*1.178 (0.558)3.241.08--9.690.035 *(multivariate analysis)****1.675 (0.692)**5.34**1.37--20.73**0.016*Cholesterol**−0.010 (0.004)0.9910.983--0.9980.017**Triglyceride**−0.006 (0.003)0.9940.989--0.9990.019**LDL**−0.010 (0.005)0.9900.982--0.9990.034[^3][^4]

In [Table 3](#T0003){ref-type="table"}, results of multivariate logistic regression analysis are also reported. In a multivariate model, being a non-smoker predicted independently, resolution of less than 50% of ST depression in study population with OR: 0.236, and p value=0.001. Also, according to the regression model, the odds for STD-R ≥50% decreased 5% for each 10,000 increase in platelet count (OR: 0.995, p value =0.050).

Moreover, only previous MI history had the independent predictive power for STE-R \<50% with OR: 5.34, p value= 0.016), however, higher cholesterol levels (OR: 0.991, P value: 0.017) and LDL (OR: 0.990, P value: 0.034) were predictors of ST elevation resolution less than 50% in the univariate analysis.

Results for correlation of STD/STE resolution (≥50% or \<50%) with outcomes such as in-hospital mortality, acute in-hospital heart failure, major adverse cardiac events (MACE), and death during follow-up are shown in [Table 4](#T0004){ref-type="table"}.Table 4Correlation of Sum ST Elevation/Depression Resolution or in the Lead with Maximum ST Deviation in the Presenting ECG with Outcomes of in-Hospital Acute Heart Failure, in-Hospital Death, Major Adverse Cardiac Events, and Death in Follow-UpIn-Hospital Acute Heart FailureIn-Hospital DeathMACEDeath during Follow-Up*χ*^2^p*χ*^2^p*χ*^2^p*χ*^2^p∑ST elevation resolution0.360.8425.09*\<0.0001\**3.190.201.820.77∑ST depression resolution7.4*0.025*3.270.198.84*0.012*5.70.22ST elevation resolution in lead with max ST elevation in presenting ECG0.26*0.88*24.5*\<0.0001*2.88*0.24*3.290.51ST depression resolution in lead with max ST depression in presenting ECG6.42*0.04*8.45*0.015*7.88*0.019*4.170.38[^5][^6]

The correlation of sigma STD-R \<50% with incidence of acute heart failure and MACE was significant (p value= 0.025 and 0.012, respectively).

Also, correlation of STD-R \<50% in a single lead with maximum primary depression on admission ECG with incidence of acute heart failure and MACE and also in-hospital mortality was statistically significant (p values: 0.04, 0.019, and 0.015 respectively).

In order to determine the difference of statistical diagnostic power for diagnosis of in-hospital mortality and probability of incidence of MACE between STD-R and STE-R (sigma or single lead), and also to determine cutoff points for maximum specificity and sensitivity for prediction of the previously mentioned outcomes, we produced receiver operating curves (ROC), as depicted in [Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}.Figure 1(**A**) Area under the curve for major adverse cardiac events in association with resolution of sigma ST depression or elevation resolution. (**B**) Area under the curve (AUC) for ROC curve of in-hospital mortality in relation to Sigma STD/STE resolution.Figure 2(**A**) Area under the curve for major adverse cardiac events in relation to resolution of ST depression or elevation in a single lead with maximum ST deviation in presenting electrocardiogram. (**B**) Area under the curve (AUC) for ROC curve of in-hospital mortality in relation to STD/STE resolution in a single lead with maximum ST deviation in presenting electrocardiogram.

In [Figure 1](#F0001){ref-type="fig"}A the area under the curve (AUC) for MACE in association with sigma STD/STE resolution respectively was 0.607±0.049/0.572±0.048 (p value: 0.028/0.136) and in [Figure 1](#F0001){ref-type="fig"}B the AUC for in-hospital mortality in relation to Sigma STD/STE resolution was respectively; 0.751±0.091/0.729±0.065 (p value: 0.011/0.021). In this curve in a cutoff point of 53% of STD-R, sensitivity and specificity were respectively 78% and 65%.

In [Figure 2](#F0002){ref-type="fig"}A, the AUC for MACE in relation to STD/STE resolution in a single lead with maximum ST deviation in the presenting electrocardiogram respectively was 0.607±0.049/0.553±0.049 (p value: 0.026/0.275). In [Figure 2](#F0002){ref-type="fig"}B, the AUC for in-hospital mortality in relation to STD/STE resolution in a single lead with maximum ST deviation in presenting electrocardiogram respectively was 0.769±0.096/0.648±0.104 (p value: 0.007/0.135). In this curve in a cutoff point of 54% of STD-R, sensitivity and specificity were respectively 78% and 74%.

As depicted in [Figure 3](#F0003){ref-type="fig"}, Kaplan--Meier survival curves were created for comparison of mortality and survival in different groups of ST deviation in accord with a cutoff of 50%. Patients with STE-R ≥50%, had a significantly longer survival time compared to those with a less than 50% STE-R (log rank: 31.18, p value \<0.0001), however, a significant survival association of STD-R was not observed (log rank: 0.372, p value: 0.83).Figure 3(**A**) Survival curve in two groups: 1- Sigma ST elevation resolution ≥50%, 2- \<50%. In this curve the horizontal line is follow-up time in month(s) and the vertical line is survival based on cumulative survival. (**B**) Survival curve in two groups: 1- Sigma ST depression resolution ≥50%, and 2- \<50%. In this curve the horizontal line is follow-up time in month(s) and the vertical line is survival based on cumulative logarithm.

Discussion {#S0004}
==========

To rationalize briefly the reasons for ST segment depression occurrence while myocardial infarction besides ST segment elevation in other leads, the following reasons have been elaborated on: 1) reciprocal picture of ST elevation that is described as a benign electrical phenomenon associated with the time since beginning of symptoms that does not predict adverse events,[@CIT0011],[@CIT0013] 2) larger infarct size[@CIT0012](in anterior STEMI, inferior ST depression is associated with larger infarct size), 3) ischemia at a distance from the initial infarct location[@CIT0014](associated with a higher risk of fatal arrhythmias and latent morbidity), 4) posterior wall injury in patients with inferior infarct.[@CIT0015]

Previous studies have revealed a predictive role for amount of ST depression in acute anterior MI patients in in-hospital mortality,[@CIT0016] however, the prominent characteristic of this study is the parallel survey of resolution of both elevation and depression of ST segment and comparison of these two in incidence of in-hospital outcomes such as death and acute heart failure and also out of hospital outcome, ie, mortality in one year follow-up time. Moreover, we analyzed both sigma ST depression/elevation resolution and resolution in a single lead with maximum deviation in the presenting ECG. The reason for selection of ST depression resolution for analysis (and not just ST elevation resolution) in spite of the fact that most previous studies studied it for its effect on in-hospital major adverse cardiac events and 1 year follow-up mortality, was that a few studies had noted that it might have a better prognostic power in short and long time mortality.[@CIT0008]--[@CIT0010],[@CIT0017]

As seen in [Table 4](#T0004){ref-type="table"} of this study, less than 50% resolution of ST elevation (sum and single lead) is significantly associated with higher in-hospital mortality, which is in accord with previous studies. Also, less than 50% resolution of ST depression (sum and single lead) was significantly associated with incidence of in-hospital acute heart failure and also major adverse cardiac events. In this study, STD-R \<50% had a significant association with occurrence of heart failure but not mortality. Elaboration of these findings could be that ST depression results from "ischemia at a distance"[@CIT0014] and the extent of coronary artery disease and so the larger area of ischemia and necrosis responsible for longer lasting ST depression, made these patients with STD-R \<50% more susceptible to heart failure. However, the lower mortality rate in this group might stem from the fact that the present study's follow-up time was only one year and with longer follow-up periods, results might be different.

In this study, patients were categorized into two groups of STD-R ≥50% and STD-R \<50% and different variables in these two groups were compared with each other. Female sex, diabetes, not smoking, lower hemoglobin levels, higher platelet numbers, and higher platelet to lymphocyte ratio were more frequent in the group with STD-R less than 50%.

The fact that smoking correlated with more ST depression resolution might be due to the fact that smokers were younger and had better outcome than the older non-smokers who had more comorbidities and cardiovascular risk factors.

Univariate and multivariate logistic regression analyses were undertaken to determine the predictive factors for less than 50% resolution of elevation and depression of ST segment; the qualitative variables predicting STD-R \<50% were: female gender, not smoking, and having diabetes mellitus. Also, the results for quantitative results were as follows; for each 1 mg/dL increase in hemoglobin level the probability of having STD-R ≥50% increased for 22.5% and for each 10,000 increase in platelet numbers, the probability of STD-R ≥50% decreased for 6%. Similar results were acquired in multivariate regression analysis only for cigarette smoking and platelet numbers. However, for STE-R among qualitative variables, only previous history of MI had an independent predictive value for STE-R \<50% in both univariate and multivariate analyses. Moreover, in univariate analysis, higher levels of cholesterol, triglyceride, and LDL predicted a less than 50% ST elevation resolution.

In this study patients were followed up after discharge for 10.8±4 (6 to 17) months. Regarding the Kaplan--Meier curves plotted, based on percent of STD/E resolution more or less than 50%, those patients with less than 50% resolution had higher mortality rates. The outstanding point in this regard is that patients with less than 50% resolution of ST depression had a higher early in-hospital mortality and in the following one year follow-up period they did not have a significantly higher mortality rate than the group with more than 50% resolution. Few studies were found in the literature with similar investigations from which we can point out a study by Kozuc et al[@CIT0008] in 2007 which had a relatively longer 5 year follow-up time. According to the survival curves drawn for 3 groups of complete, partial, and incomplete resolution of ST depression, significant difference between survival rates was detected only after 500 days of admission to hospital. Besides, in a study by De Luca et al[@CIT0017] in 2005, patients with ST depression resolution less than 50% had mortality only in the first 30 days after admission and mortality was very low in the 1 year follow-up time in this group. In another study conducted by Reinstadler et al[@CIT0018] in 2015, they defined another group that had a resolution of less than zero which included the patients that had a greater sum depression in post-angioplasty ECG than the presenting ECG. Similar to the aforementioned studies, the group with less than 50% resolution had significantly higher mortality rates only in the first 2 weeks and in the following one year follow-up, their mortality rates were not higher than the group with more than 50% resolution, however, the group with less than 0% resolution had significantly higher mortality in the 1-year follow-up period than the other two groups (Log rank p value \<0.001).

Another outstanding feature of this study was the plotting of ROC curves and the area under the curve (AUC) for in-hospital major adverse cardiac events and in-hospital mortality in relation to resolution of elevation and depression of ST segment, and, as seen in [Figures 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}, sum STD-R and STD-R in a single lead with maximum primary depression was an appropriate predictor especially for in-hospital mortality in all cases. Also, in ROC curves for in-hospital mortality in relation to STD-R, a cut-off point of about 54% for resolution of depression (both sum and single lead), had a sensitivity of 78% for both and a specificity of 65% and 74% respectively for ∑STD-R and STD-R in a single lead. For this reason, selection of a cut-off point of 50% for amount of ST segment depression resolution has an appropriate predictive power regarding in-hospital mortality.

Although both calculation methods of ST depression resolution (sum of depressions, or depression in a single lead with maximum initial depression) could predict occurrence of MACE and in-hospital mortality, from a clinical point of view, it might be easier to detect the lead with maximum depression in initial ECG and calculate the resolution of depression after PPCI. Thus, the clinician should readily be capable of determining whether their patient has a resolution of more or less than 50%. This valuable prognostic information can easily determine those patients who require a more thorough treatment and follow-up plan.

Limitations {#S0005}
===========

We believe that an important limitation of this study was the fact that follow-up period for assessment of patient survival was not appropriately long and in order to get more significant results regarding the association of ST segment depression resolution and long term mortality, it would be reasonable to design a prospective cohort study with a larger sample size.

Conclusion {#S0006}
==========

The results of this study show that ST segment depression resolution of less than 50% has a statistically significant correlation with incidence of in-hospital acute heart failure and major adverse cardiac events. Also, this variable has a good predictive power with relatively high specificity and sensitivity for mortality in a level of 50% for both calculation forms of either resolution of sum of ST segment depressions or resolution of ST depression in a single lead with maximum primary depression.
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[^1]: **Abbreviations:** ST-D, ST depression; ST-E, ST elevation; STD-R, ST depression resolution; STE-R, ST elevation resolution; PPCI, primary percutaneous intervention; MI, myocardial infarction; EF, ejection fraction; ECG, electrocardiogram; CTNI, cardiac troponin I; CK-MB, creatinine kinase MB; WBC, white blood cells; Hb, hemoglobin; PLT, platelet; PLT/Lymph, platelet to lymphocyte ratio; LDL, low density lipoprotein; HDL, high density lipoprotein; VT, ventricular tachycardia; VF, ventricular fibrillation.

[^2]: **Abbreviations:** STE-R, ST elevation resolution; STD-R, ST depression resolution; MI, myocardial infarction; LDL, low density lipoprotein.

[^3]: **Note:** \*The bolded values relate to the multivariate analysis.

[^4]: **Abbreviations:** Hb, hemoglobin; PLT, platelet; MI, myocardial infarction; LDL, low density lipoprotein.

[^5]: **Note:** \*Significant correlations are in italic form for better interpretation.

[^6]: **Abbreviations:** MACE, major adverse cardiac events; ECG, electrocardiogram.
